Objective The role of diet on colorectal cancer has been considered in terms of single foods and nutrients, but less frequently in terms of dietary patterns. Methods Data were derived from an Italian case-control study, including 1,225 subjects with cancer of the colon, 728 subjects with rectal cancer, and 4,154 hospital controls. We identified dietary patterns on a selected set of nutrients through principal component factor analysis. Odds ratios (OR) and 95% confidence intervals for both cancers were estimated using unconditional multiple logistic regression. Results We identified 5 major dietary patterns. Direct associations were observed between the Starch-rich pattern and both cancer of the colon (OR = 1.68) and of the rectum (OR = 1.74). Inverse relationships were found between the Vitamins and fiber pattern and rectal cancer (OR = 0.61), between the Unsaturated fats (animal source) and the Unsaturated fats (vegetable source) and cancer of the colon (OR = 0.80 and OR = 0.79, respectively). No other significant association was found. Conclusions The Starch-rich pattern is potentially an unfavorable indicator of risk for both colon and rectal cancer, whereas the Vitamins and fiber pattern is associated with a reduced risk of rectal cancer and the Unsaturated fats patterns with a reduced risk of colon cancer.
Introduction
Several studies have indicated a role of diet in the etiology of colorectal cancer [1, 2] . Most studies have investigated the effect of specific foods, food groups, or nutrients. Consumption of vegetables and dairy products has been related to a decreased colorectal cancer risk, whereas consumption of red and processed meat has been associated with an increased risk [3] . Since foods and nutrients tend to be correlated, the specific effect of each aspect of diet may be difficult to identify and can be partly confounded by the effect of other dietary components [4] . The use of dietary patterns has thus been proposed to analyze the association between diet and cancer, given their ability to capture the variations in overall food intake [4] . In particular, a few case-control [5] [6] [7] [8] [9] [10] [11] [12] and cohort [13] [14] [15] [16] [17] studies have investigated the effect of diet on colorectal cancer identifying dietary patterns through factor analysis. This ''a posteriori'' technique allows to integrate several dietary exposures (i.e., foods, food groups or nutrients) into a smaller number of dietary patterns that are independent from one another and can be evaluated simultaneously as risk factors in subsequent analyses for the assessment of cancer risk.
We applied factor analysis using principal component method to identify major nutrient-based dietary patterns, and we examined the relationship between the identified dietary patterns and colorectal cancer in our Italian population.
Previous analyses conducted on the same dataset to investigate the role of micro-and macronutrients in colorectal cancer risk showed a significant increase in risk associated with starch and saturated fats intake, whereas a decreased risk was associated with intakes of carotene, riboflavin, vitamin C, vitamin D, calcium, polyunsaturated fats, and proteins [18, 19] .
Methods
A case-control study of cancers of colon and rectum was conducted between January 1992 and June 1996 in 6 Italian areas, including the provinces of Pordenone and Gorizia, the urban areas of Milan and Genoa, and the province of Forlì in northern Italy, the province of Latina in central Italy, and the urban area of Naples in southern Italy [20] .
Cases were patients admitted to major teaching and general hospitals in the study areas with histologically confirmed incident diagnosis of cancer of either colon or rectum. Overall, 1,225 subjects with cancer of the colon (688 men and 537 women, median age 62, range 19-74 years) and 728 subjects with cancer of the rectum and recto-sigmoid junction (437 men and 291 women, median age 62, range 23-74 years) were included.
Controls were 4,154 subjects (2,073 men and 2,081 women, median age 58 years, range 19-74) identified among patients admitted to the same hospitals as cases for acute, non-neoplastic conditions, unrelated to digestive tract diseases or long-term modifications of diet. Twentyseven percent of the controls were admitted for traumas; 24% for other orthopedic disorders; 18% for acute surgical conditions; 24% for eye disorders; and 7% for other miscellaneous diseases. On average, less than 5% of the cases and controls contacted refused to participate to the study.
Cases and controls were interviewed during their hospital stay by trained interviewers, using a structured questionnaire. This included information on sociodemographic characteristics, anthropometric measures, lifestyle habits, tobacco smoking and alcohol drinking, personal medical history, and family history of cancer in first-degree relatives.
The subjects' diet during the 2 years before cancer diagnosis or hospital admission (for controls) was assessed using a food frequency questionnaire (FFQ) including 78 foods and beverages, as well as a range of the most common Italian recipes [20] . Subjects were asked to indicate the average weekly consumption for each dietary item; intakes lower than once a week but reported at least once a month were coded as 0.5 per week. Other questions on fatintake profile, as well as on portion size, were used to modulate the composition of recipes. The FFQ was satisfactorily valid [21] and reproducible [22] . To estimate intakes of total energy and various nutrients, an Italian food composition database was used, integrated with other sources when needed [23, 24] . Losses due to cooking were subtracted from the computation of vitamin contents, when appropriate. The study was approved by the local ethical committees.
Statistical analysis
Exploratory principal component factor analysis (PCFA) [25] was performed on 28 major macro-and micronutrients, measured on all subjects (cases and controls). The analysis was conducted on the correlation matrix of nutrients and its aim is to describe the variance-covariance structure among nutrients in terms of a few underlying unobservable and randomly varying factors, known as dietary patterns. We standardized the original absolute nutrients before performing factor analysis in order to avoid problems related to the use of different measurement units and amounts of intake. We obtained the standardized nutrients by subtracting from each observed nutrient the mean of that nutrient and dividing by its standard deviation, both calculated on all subjects.
We first evaluated the correlation matrix to determine whether it was factorable through both visual inspection and statistical procedures [26] . We examined the correlation matrix to identify nutrients that were either too highly correlated (correlation coefficient C0.80) or not sufficiently correlated (correlation coefficient \0.30) with one another. We calculated Bartlett's test of sphericity, Kaiser-MeyerOlkin statistic and individual measures of sampling adequacy [27] . Bartlett's test of sphericity tests the null hypothesis that the correlation matrix is an identity matrix. This hypothesis implies that there is no relationship between the nutrients, and therefore, it may be unwise to proceed with factor analysis. As the sample size was large, this information was taken only as a minimum standard for the quality of the correlation matrix. The Kaiser-MeyerOlkin statistic represents an overall measure of sampling adequacy. Overall and individual measures of sampling adequacy indicate how strongly the nutrients are correlated with one other in the matrix. These measures can range between 0 and 1, with smaller values indicating that the usual Pearson's correlation coefficients are small relative to the partial correlation coefficients, and therefore a factor analysis may be unwise.
The number of factors to retain was chosen combining the following criteria: factor eigenvalue greater than 1, scree plot, and factor interpretability [25] . A varimax rotation was performed on the factor loading matrix to obtain a simpler structure with easier interpretability.
Factor scores were defined for each subject and factor according to the weighted least square method. They indicate the degree to which each subject's diet conforms to one of the identified patterns. Nutrients with absolute rotated factor loadings greater or equal to 0.63 on a given factor were used to name the factors. Since the contribution that a factor gives to a nutrient's sample variance is equal to the square of its loading, choosing 0.63 as cut-off corresponds to a contribution of approximately 0.40 [28] .
To test the robustness of the identified dietary patterns, a principal axis factor analysis and a maximum likelihood factor analysis, after logarithmic transformation, were also performed on the original correlation matrix using varimax rotation. We obtained comparable results.
We also calculated factor scores referring to the multiple regression method and standardizing the results. The correlations between scores referring to the same factor calculated with different methods were 0.99 for all the 5 comparisons.
To assess reliability and to refine the identified factors, we evaluated the internal consistency of those nutrients that loaded highly (C0.40 in absolute value) on any factor using standardized Cronbach's coefficient alpha for each factor [29] . This measure of reliability represents the proportion of total variance in a given factor that can be attributed to a common source. We also looked closely to what happened to coefficient alpha if nutrients were removed from consideration on one factor (the so-called coefficient alpha when item deleted) [26] .
Since men and women may have different dietary patterns, we also performed factor analysis separately for males and females. However, we obtained comparable results. Thus, we presented results based on the overall sample.
For each factor, participants were grouped into 4 categories according to quartiles of factor scores among the control population. We estimated the odds ratios (OR) and the corresponding 95% confidence intervals (CI) for each quartile, using unconditional multiple regression models adjusted for various confounding variables. We fitted a composite model, allowing for all the identified dietary patterns simultaneously. We also fitted separate models for each factor and obtained comparable results. Tests for linear trend were also calculated assigning to each subject the median value of each factor within the quartile class.
Controls were younger than cases of both cancers. Patients with cancer of the colon, but not rectum, were significantly more educated than controls. They also reported lower levels of occupational physical activity. Thus, we adjusted for these variables, including also sex, center, and family history of colorectal cancer.
The analyses were conducted using SAS software, version 9.1 (SAS Institute, Inc., Cary, NC). The statistical software R [30] was used to perform Bartlett's test of sphericity and to provide an alternative procedure for the estimation of factor scores.
Results
The correlation matrix of the nutrients was amenable to factor analysis. From visual inspection of the matrix, all the nutrients showed at least ten correlation coefficients above 0.30 in absolute value, thus allowing to perform the analyses on the entire set of selected nutrients. Retinol and lycopene showed a more limited number of correlations above 0.30 in absolute value.
Statistical procedures for matrix factorability also showed satisfactory results (Table 1 ). Bartlett's test of sphericity was highly significant (p \ 0.0001), thus allowing to reject the null hypothesis that the correlation matrix is an identity matrix. The Kaiser-Meyer-Olkin statistic was equal to 0.82, suggesting that we had an adequate sample size relative to the number of nutrients. Moreover, individual measures of sampling adequacy were generally very high: 24 measures were greater than 0.70, and 4 measures were below 0.70 (Table 1) . Table 2 shows the factor loading matrix for the 5 retained factors, or dietary patterns. These factors explained 81.36% of the total variance in the original nutrients. The larger the loading of a given nutrient to the factor, the greater was the contribution of that nutrient on that factor. Thus, the first pattern, named Animal products, had the greatest loadings on calcium, riboflavin, phosphorus, saturated fatty acids, animal protein, and cholesterol. The second pattern, named Starch-rich, had the greatest loadings on starch, vegetable protein, and sodium. The third pattern, named Vitamins and fiber, had the greatest loadings on vitamin C, total fiber, beta-carotene equivalents, total folate, and soluble carbohydrates. The fourth pattern, named Unsaturated fats (animal source), had the greatest loadings on other polyunsaturated fatty acids, and vitamin D. The fifth pattern, named Unsaturated fats (vegetable source), had the greatest loadings on linoleic acid, linolenic acid, and vitamin E. All the examined nutrients showed at least one loading greater than 0.30 on any factor, thus confirming a role of each nutrient in the original list. Table 3 reports the values of the standardized Cronbach's coefficient alpha for each factor and standardized Cronbach's coefficient alpha when item deleted for each factor and nutrient. All values were calculated considering only those nutrients that loaded C0.40 on any factor. Standardized Cronbach's coefficient alphas were high for each factor, indicating that, for each factor, more than 90% of the variance of the total scores on these subscales can be attributed to reliable, systematic variance. Moreover, most standardized coefficient alphas when item deleted were lower than the corresponding standardized coefficient alpha for the factor, but the differences were generally limited. Although these findings would indicate that almost all of the nutrients were contributing to high reliability, none of the nutrients appreciably reduced the value of coefficient alpha when removed from the factor. There might be some gain in removing 1 or 2 nutrients from every factor, as some removals increase coefficient alpha. However, the gain would be of limited value and the factor interpretation less convincing. Table 4 shows the ORs and corresponding CIs for colon and rectal cancer according to quartiles of factor scores and incremental factor scores for the 5 retained dietary patterns. Results refer to the composite models including all the 5 patterns simultaneously and the confounding variables as well. There was no association between the Animal products pattern and cancer of the colon (OR = 1.11, 95% CI: 0.91-1.35, for the highest quartile of factor scores when compared to the lowest), and rectum (OR = 1.17, 95% CI: 0.92-1.48). A significant direct association was observed between the Starch-rich pattern and both cancer of the colon (OR = 1.68, 95% CI: 1.37-2.07) and rectum (OR = 1.74, 95% CI: 1.34-2.26), and a borderline direct association was observed between the Unsaturated fats (vegetable source) pattern and rectal cancer (OR = 1.27, 95% CI: 1.00-1.62). An inverse relationship was found for the Vitamins and fiber pattern and cancer of the rectum 
Discussion
The role of diet on the risk of colon and rectal cancers was examined through PCFA on 28 nutrients. We identified 5 dietary patterns, explaining about 81% of the total variance in the original nutrients. Factor analysis was therefore successfully applied, since much of the total variability was explained by a limited number of dietary factors. To our knowledge, no study on colorectal cancer applied factor analysis to a set of nutrients, whereas some studies have used food groups to derive dietary patterns [5, 6, [10] [11] [12] [14] [15] [16] . Most previous studies identified a number of patterns varying from 2 to 4 [10, [14] [15] [16] [17] . The percentage of explained variance ranged from less than 20% for a 2-factor solution [5] to about 35% for a 7-factor solution [16] .
Most studies identified a Healthy or Prudent pattern, characterized by high intakes of fruit, vegetables, legumes, olive oil, and fish [5-13, 15, 16] , and a Western pattern, including mainly red meat, refined cereals, sweets, cheese, and eggs [5] [6] [7] [8] [9] [10] [11] [12] [13] 16] . The Healthy pattern was inversely related to colorectal cancer in some studies [6, 7, 10, 11, 16] , whereas the Western pattern was associated with an increased risk of colorectal cancer in several of these [5-9, 12, 16] .
Although the 5 dietary patterns identified in the present study are not directly comparable with those identified in previous ones, since they are derived from nutrients instead of food groups, they share some similarities with them. Our Animal products and Starch-rich patterns share some components with foods included in the Western pattern, whereas our Vitamins and fiber, Unsaturated fats (animal source), and Unsaturated fats (vegetable source) patterns are correlated with foods in the Healthy or Prudent patterns [5-13, 15, 16] .
Some studies reported a different effect of the derived dietary patterns by anatomical subsite, analyzing separately distal and proximal colon [6, 7, 9, 12, 16] , but their results were inconsistent. We also performed subsite analyses and observed that the increase in risk for the Starch-rich pattern was higher in distal compared to proximal colon, while the protective effect of the Unsaturated fats (vegetable source) pattern was stronger in distal than in proximal colon. No major differences in the anatomical subsite were found for the other patterns (data not shown).
Furthermore, the patterns identified in the present analysis are similar to those identified in a companion study on breast and ovarian cancers based on the same design, questionnaire, and inclusion criteria [31] . Referring to the same Italian population and based on the same statistical methodology, that study identified 4 dietary patterns explaining both overall and individually about the same percentages of total variance of the present study. In detail, the Animal products pattern differed for the presence of zinc, whose loading was close to the 0.63 cut-off in the present study. The Vitamins and fiber pattern differed for the presence of potassium and vitamin B6, whose loadings were only slightly smaller than 0.63 in our study. The former Unsaturated fats pattern was split in the Unsaturated fats (animal source) and Unsaturated fats (vegetable source) patterns in the present study, in accordance with a slight modification that we did in our list of nutrients. The Starch-rich pattern was identical in both studies [31] . However, since controls included in present and previous studies partially overlapped, this may in part explain the observed similarities. Factor analysis is a method that allows to estimate cancer risk more comprehensively than others based on single foods or nutrients, as it accounts for complex forms of interaction existing among dietary components. Limitations of factor analysis arise from the subjective decisions involved in the definition of dietary patterns, including the set of variables included in the analysis, the number of retained factors, the type of rotation, and the naming of the factors. We consider appropriate from a statistical point of view to apply factor analysis on nutrients instead of food groups, because this type of analysis is preferably applied on continuous variables and nutrients are continuous, while food groups coming from a FFQ are generally discrete variables. Moreover, the percentage of variance explained in our study was higher than that of studies on colorectal cancer, based on food groups [5, 6, 11, 12, [14] [15] [16] . Furthermore, dietary patterns identified from a selection of nutrients allow to better understand the key biological processes behind various diets, regardless of the specific foods they derive from, and thus may be more easily compared across various populations.
Regarding other limitations of factor analysis, we changed various alternative options to check robustness and solution stability. Among these complementary analyses, we compared results from PCFA with those from other factor analysis methods, calculated factor scores applying two different methods, evaluated the internal consistency of the identified patterns using the Cronbach's coefficient alphas, and performed subgroup analyses according to gender and anatomical subsite. All these checks supported the decisions adopted in the main analyses.
Case-control studies are generally considered prone to information bias [32] . However, this criticism applies less to hospital-based studies, since controls are ill and hospitalized too [33] . The almost complete participation of both cases and controls, the inclusion of acute conditions unrelated to diet in the comparison group, the comparable catchment areas of cases and controls, and the satisfactorily reliability and validity of the FFQ [21, 22] weigh against a major role of selection bias. Furthermore, awareness of dietary hypotheses in colorectal cancer etiology was unlikely at the time of data collection in Italy.
In conclusion, the Starch-rich pattern is potentially an unfavorable indicator of risk for both colon and rectal cancer, whereas the Vitamins and fiber pattern is associated with a reduced risk of rectal cancer and the Unsaturated fats patterns with a reduced risk of colon cancer.
